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(54) Radar device 

(57) A radar device for detecting distances and rel- 
ative speeds of obstructions such as preceding vehicles 
has a stationary object identifier for identifying station- 
ary objects such as roadside guard rails and the like and 
a stationary object eliminator for eliminating data iden- 
tified as pertaining to such stationary objects. The -sta- 
tionary object identifier. detects peak densities in a beat 
spectrum detected as a difference between transmitted 
and received frequencies of a radar beam modulated to 
rise and fall in frequency periodically and identifies peak 
groups having peak densities above a predetermined 



value as stationary objects. Therefore, it is possible to 
detect a stationary roadside object on the basis of peak 
densities. The stationary object eliminator eliminates 
data of peak groups identified as stationary objects by 
the stationary object identifier and thereby removes 
them as objects of combination processing for pairing 
rise side beat frequencies with fall side beat frequen- 
cies. As a result the amount of processing required for 
this pairing is reduced and the occurrence of wrong pair- 
ings is reduced and it is possible to eliminate the unnec- 
essary calculation of distances and relative speeds of 
roadside objects. 
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Description 

[0001 ] The present invention relates generally to a ra- 
dar device used in a vehicle, and more particularly to a 
radar device which, in detecting distances and relative 
speeds with respect to a plurality of vehicles in front of 
a vehicle mounting the radar device using an FM-CW 
radar, excludes roadside objects such as crash barriers 
(guard rails), sound-insulating walls and wire netting dis- 
posed continuously along the sides of a road. 
[0002] Known instruments for measuring distances 
between objects and their relative speeds include meas- 
uring devices using Frequency-Modulated-Continuous- 
Wave (FM-CW) radar. These devices transmit a modu- 
lated wave of a predetermined modulation amplitude 
whose frequency rises and falls periodically, receive a 
reflected wave reflected by an object, and detect a dif- 
ference between the frequency of the transmitted wave 
and the frequency of the received wave as a beat spec- 
trum; if a beat frequency in a transmitted frequency rise 
period (hereinafter, rise side) and a beat frequency in a 
transmitted frequency fall period (hereinafter, fall side) 
are obtained for an object, the distance to that object 
and its relative speed can be obtained by calculation. 
[0003] However, when there are a plurality of objects, 
because a plurality of beat frequencies arise, it is nec- 
essary for rise side and fall side beat frequencies to be 
correctly associated for each object. In particular, when 
there is a roadside object consisting of a crash barrier 
(guard rail), a sound-insulating wall or wire netting dis- 
posed continuously along the side of the road, numer- 
ous peaks arise in the beat spectrum due to reflected 
signals from this roadside object. As a vehicle radar de- 
vice able to recognize a preceding vehicle constituting 
an obstruction from these multiple peak spectra, there 
is for example the radar device disclosed in Japanese 
Patent Laid-Open Publication No. HEI-7-98375. 
[0004] This radar device uses an FM-CW radar to de- 
tect a rise side spectrum A and a fall side spectrum B- 
for an obstruction. In view of the fact that in the case of 
a stationary body the spectrum A and the spectrum B 
will have a frequency difference corresponding to the 
speed of the vehicle, the fall side spectrum is shifted in 
correspondence with the vehicle speed to produce a 
spectrum C and this is subtracted from the spectrum A 
to produce a spectrum D from which spectra! peaks per- 
taining to the stationary body have been removed. This 
spectrum D is then subtracted from the spectrum A to 
obtain a spectrum E consisting only of spectral peaks 
pertaining to the stationary body. Objects whose spec- 
trum intensity is not maintained continuously in the 
spectrum E are excluded from the obstruction and there- 
by the obstruction is recognized. 

[0005] Another known vehicle radar device (Japa- 
nese Patent Laid-Open Publication No. HE! -7-234277) 
obtains peak frequencies on the basis of frequency 
analysis of a beat signal; obtains deviations between the 
peak frequencies and their adjacent peak frequencies; 



obtains the minimum levels between the peak frequen- 
cies; and correctly distinguishes vehicles and roadside 
objects by making correlations between the deviations 
and the minimum levels. 

5 [0006] However, in either of these radar devices, be- 
cause numerous peaks arise in the beat spectrum, as 
mentioned above, there are a great many combinations 
of rise side beat frequencies and fad side beat frequen- 
cies and consequently a large amount of processing is 

10 required to obtain the correct combinations (pairings). 
Also, the probability of making wrong combinations 
(pairings) is high. 

[0007] For example, as shown in Fig. 9 hereof, a radar 
signal processing device may for each beam emitted 

is perform pairing of a peak frequency detected on the rise 
side and a peak frequency detected on the fall side and 
calculate the distance to an object and its relative speed 
. on the basis of the paired peak frequencies. 
[0008] The radar signal processing device shown in 

20 Fig. 9 is made up of a signal inputting part (A/D conver- 
ter) 101, a frequency analyzing part (FFT part) 102, a 
peak detecting part 103, a distance and relative speed 
calculating part (pairing part) 104, a clustering part 105 
and a targeting part 106. 

25 [0009] The signal inputting part (A/D convenor) 101 
converts a beat signal outputtedfrom a radar unit proper 
(not shown) and supplies a digital beat signal to the fre- 
quency analyzing part (FFT part) 102. The frequency 
analyzing part (FFT part) 102 carries out frequency 

30 analysis (spectral analysis) of the digital beat signal by 
performing high-speed Fourier conversion processing 
on the digital beat signal, and outputs frequency analy- 
sis (spectral analysis) data. The peak detecting part 1 03 
detects peaks of the beat signal on the basis of the f re- 

35 quency analysis (spectral analysis) data : and supplies 
peak frequencies to the distance and relative speed cal- 
culating part (pairing part) 104. 

[0010] The distance and relative speed calculating 
part (pairing part) 104 performs pairing of a peak fre- 

40 quency detected on the rise side and a peak frequency 
detected on the fall side for each beam emission direc- 
tion and calculates the distance to an object and its rel- 
ative speed on the basis of the paired peak frequencies. 
When multiple peaks are detected, a distance and a rel- 

45 ative speed are calculated for every one of multiple com- 
binations, and a most suitable combination is deter- 
mined from the calculated distance and relative speed 
results. The clustering part 105 groups data (distances 
and relative speeds) relating to the same object on the 

so basis of the distances and relative speeds detected for 
each beam emission direction. The targeting part 106 
calculates a center position and a bearing of the center 
of each object on the basis of the peak levels detected 
for each beam emission direction, calculates the width 

55 of the object and outputs the position (distance and . 
bearing), relative speed and width of each object. 
[0011] When due to the existence of a roadside object 
multiple peaks pertaining to the roadside object are de- 
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tected, because the distance and relative speed calcu- 
lating part (pairing part) 104 must calculate a distance 
and a relative speed for every one of multiple combina- 
tions and determine the most suitable combination from 
the calculated distance and relative speed results, this 
pairing processing is time-consuming. Also, because 
there are many different combinations, incorrect combi- 
nations may be selected. That is, wrong pairings may 
arise. Consequently, the time taken for the final output- 
ting of, the position, relative speed and width and so on 
of each object is long, and when a wrong pairing is made 
the detection accuracy of the positions, relative speeds 
and widths deteriorates. 

[001 2] It is therefore an object of the present invention 
to provide a radar device which on the basis of charac- 
teristics of peak spectra of a beat signal arising due to 
signals reflected from roadside objects (guard rails, 
sound-insulating walls, wire netting, etc.) removes the 
peak spectra of the roadside objects and thereby reduc- 
es the amount of processing (pairing processing) need- 
ed to pair beat frequencies of times of rising transmitted 
frequency with beat frequencies of times of falling trans- 
mitted frequency and reduces wrong pairings and which 
increases processing efficiency by eliminating the need 
for distance and relative speed calculations to be carried 
out for roadside objects. 

[001 3] According to a first aspect of the present inven- 
tion, there is provided a radar device for radiating light, 
ultrasound or radio waves toward an object and receiv- 
ing a reflected signal from the object and detecting the 
position of the object on the basis of this received signal, 
the radar device comprising a stationary object identifier 
for detecting densities of peaks in the received signal 
and identifying peak groups having a peak density high- 
er than a predetermined value as stationary objects. 
_[0014]_ With this radar device, fixed roadside objects 
such as crash barriers (guard rails), sound-insulating 
walls and wire netting disposed continuously along the 
side of the road are identified on the basis of the re- 
ceived signal as stationary objects, which register a high 
peak density, and traveling vehicles, which register a 
low peak density, can thereby be distinguished from 
roadside objects; thus it is possible for received signals 
relating to traveling vehicles to be processed efficiently 
by roadside objects being excluded as objects of detec- 
tion. 

[0015] According to a second aspect of the present 
invention, there is provided a radar device for transmit- 
ting a modulated wave whose frequency rises and falls 
periodically with a predetermined modulation amplitude 
and receiving a reflected wave reflected by an object 
and detecting a difference between the frequency of the 
transmitted wave and the frequency of the received 
wave as a beat spectrum, the radar device comprising 
a stationary object identifier for detecting densities of 
peaks in the beat spectrum and identifying peak groups 
having a peak density higher than a predetermined vai- 
u as stationary objects and a stationary object elimina- 



tor for eliminating data of peak groups identified as sta- 
tionary objects by the stationary object identifier. 
[0016] The stationary object identifier identifies peak 
groups having a peak density equal to or greater than a 

5 predetermined value as stationary objects. It is known 
from experiments that peak spectra of roadside objects 
such as sound-insulating walls and guard rails of ex- 
pressways have multiple successive peaks whose peak 
density in a predetermined frequency range is greater 

10 than that of a vehicle or the like. Therefore, it is possible 
to detect stationary roadside objects on the basis of 
peak density. By excluding peaks of a beat spectrum 
identified as a stationary roadside object from process- 
ing (pairing processing) combining beat frequencies of 

is times of rising transmitted frequency with beat frequen- 
cies of times of falling transmitted frequency it is possi- 
ble to reduce the load of this processing and reduce 
wrong pairings, and by eliminating the need for distance 
and relative speed calculations to be carried out for 

20 roadside objects it is possible for processing efficiency 
to be improved. 

[0017] According to a third aspect of the present in- 
vention, there is provided a radar device for transmitting 
a modulated wave whose frequency rises and falls pe- 

2S riodically with a predetermined modulation amplitude 
and receiving a reflected wave reflected by an. object 
and detecting a difference between the frequency of the 
transmitted wave and the frequency of the received 
wave as a beat spectrum, the radar device comprising 

30 a roadside object detector for detecting roadside objects 
on the basis of characteristics of peak spectra of a beat 
signal arising due to signals reflected from those road- 
side objects. <? 
[0018] Desirably, this radar device also comprises a 

35 roadside object eliminator for eliminating peak spectra 
.. pertaining to roadside objects detected by the roadside 
object detector. 

[0019] Because the roadside object detector detects 
roadside objects on the basis of characteristics of peak 

40 spectra of a beat signal arising due to signals reflected 
from the roadside objects, it can detect roadside objects 
precisely. And by peaks of beat spectra detected as 
roadside objects being eliminated from processing 
(pairing processing) combining beat frequencies of 

45 ' times of rising transmitted frequency with beat frequen- 
cies of times of falling transmitted frequency it is possi- 
ble to reduce the load ol this processing and reduce 
wrong pairings, and by eliminating the need for distance 
and relative speed calculations, to be carried out for 

50 roadside objects it is possible for processing efficiency 
to be improved. 

[0020] Certain preferred embodiments of the inven- 
tion will now be described in detail, by way of example 
only, with r fer nee to the accompanying drawings, in 
55 which: 

Figs. 1 A, 1 B and 1 C ar overhead views illustrating 
an exampl of p ak sp ctrum data obtained when 
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there are no roadside objects. Fig. 1 A showing the 
relationship between an own vehicle and a plurality 
of other traveling vehicles and emission directions 
of a plurality of beams, Fig. 1 B schematically show- 
ing peak spectra of rise side beat signals, and Fig. s 
1C schematically showing peak spectra of fall side 
beat signals; 

Figs. 2A, 2B and 2C are overhead views illustrating 
an example of peak spectrum data obtained when 
there is a continuous roadside object at the side of 10 
the roadway, Fig. 2A showing a case wherein a 
roadside object is disposed to the left of the 
traveling direction of the own vehicle, Fig. 2B sche- 
matically showing peak spectra pertaining to the 
roadside object detected on the rise side, and Fig. 15 
2C schematically showing peak spectra pertaining 
to the roadside object detected on the fall side; 
Fig. 3 is a block diagram of an FM-CW radar device 
according to the invention showing functions of a 
radar signal processing part in detail; 20 
Fig. 4A is an overhead view illustrating relationships 
of a preceding vehicle and a roadside object to an 
own vehicle, and Fig. 4B shows peak spectra for 
identifying the roadside object and the preceding 
vehicle; 2s 
Figs. 5A through 5D are views illustrating continu- 
ous roadside object detection processing and road- 
side object elimination processing carried out in a 
roadside object processing part, Fig. 5A showing a 
peak spectrum detected on the rise side in a beam 30 
emission direction CH1, Fig. 5B showing a peak 
spectrum detected on the rise .side in a beam emis- 
sion direction CH2, Fig. 5C showing a peak spec- 
trum detected on the fall side in the beam emission 
direction CH1, and Fig. 5D showing a peak spec- 35 
trum detected on the fall side in the beam emission 
direction CH2; 

Figs. 6A through 6C are further views illustrating 
roadside object detection processing and roadside 
object elimination processing carried out in a road- 40 
side object processing part, Fig. 6 A showing a peak 
spectrum detected on the rise side in a beam emis- 
sion direction CH1, Fig. 6B showing a peak spec- 
trum detected on the rise side in a beam emission 
direction GH2, and Fig. 6C showing a peak spec- 45 
trum detected on the rise side in a beam emission 
direction CH3; 

Figs. 7A through 7D are views illustrating an exam- 
ple of preceding vehicle and roadside object detec- 
tion in a case wherein roadside object detection so 
processing and roadside object elimination 
processing are not carried out, Fig. 7A showing the 
road environment of an own vehicle traveling be- 
hind one preceding vehicle on a bridge having 
guard rails on both sides of the roadway, Fig. 7B ss 
showing peak frequencies of the roadside objects 
and the preceding vehicle detected on the rise side, 
Fig. 7C showing peak frequencies of the roadside 



objects and the preceding vehicle detected on the 
fall side, and Fig. 7D showing calculated results ob- 
tained after rise side - fall side pairing is carried out; 
Figs. 8A through 8D are views illustrating a detec- 
tion example in a case wherein roadside object de- 
tection processing and roadside object elimination 
processing are carried out, Fig. 8A showing the 
road environment of an own vehicle traveling be- 
hind one preceding vehicle on a bridge having 
guard rails on both sides of the roadway, Fig. 8B 
showing peak frequencies of the roadside objects 
and the preceding vehicle detected on the rise side, 
Fig. 8C showing peak frequencies of the roadside 
objects and the preceding vehicle detected on the 
fall side, and Fig. 8D showing calculated results ob- 
tained after rise side - fall side pairing is carried out; 
and 

Fig. 9 is a block diagram showing the construction 
of a radar signal processing part of a related art ra- 
dar device. 

[0021] The following description is merely exemplary 
in nature and is in no way intended to limit the invention 
or its application or uses. 

[0022] Reference is initially made to Fig. 1 A, Fig. 1B 
and Fig. 1 C showing an example of peak spectrum data 
obtained when there are no roadside objects. 
[0023] Fig. 1 A shows relationships between an own 
vehicle TO equipped with multiple beam FM-CW radar 
and preceding vehicles T1 and T2, and emission direc- 
tions (beam center directions) CH1 through CH7 of 
beams having a predetermined width. The speed V0 of 
the own vehicle TO and the speed V1 of the first preced- 
ing vehicle T1 are approximately the same. The second 
preceding vehicle T2 is traveling at a speed V2 which is 
considerably faster than the speed V0 of the own vehicle 
TO. 

[0024] Fig. 1 B schematically shows peak spectra of 
the rise side beat signal. Here, the peak spectra (peak 
frequencies) are shown schematically by elliptical 
marks drawn in distance positions corresponding to the 
peak frequencies of the peak spectra. The numeral U21 
denotes the peak spectrum of the first preceding vehicle 
T1 detected in the beam direction CH2. The numeral 
U31 denotes the peak spectrum of the first preceding 
vehicle T1 detected in the beam direction CH3. The nu- 
meral U41 denotes the peak spectrum of the first pre- 
ceding vehicle T1 detected in the beam direction CH4. 
The numeral U51 denotes the. peak spectrum of the first 
preceding vehicle T1 detected in the beam direction 
CHS. The numeral U42 denotes the peak spectrum of 
the second preceding vehicle T2 detected in the beam 
direction CH4. The numeral U52 denotes the peak spec- 
trum of the second preceding vehicle T2 detected in the 
beam direction CHS. The numeral U62 denotes, the 
peak spectrum of the second preceding vehicle T2 de- 
tected in the beam direction CH6. The numeral U72 de- 
notes the peak spectrum of the second preceding vehi- 
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cle T2 detected in the beam direction CH7. 
[0025] Fig. 1C schematically shows peak spectra of 
the fall side beat signal. Here again, the peak spectra 
are shown schematically by elliptical marks drawn in dis- 
tance positions corresponding to the peak frequencies 
of the peak spectra. The numeral D21 denotes the peak 
spectrum of the first preceding vehicle T1 detected in 
the beam direction CH2. The numeral D31 denotes the 
peak spectrum of the first preceding vehicle T1 detected 
in the beam direction CH3. The numeral D41 denotes 
the peak spectrum of the first preceding vehicle T1 de- 
tected in the beam direction CH4. The numeral D51 de- 
notes the peak spectrum of the first preceding vehicle 
T1 detected in the beam direction CHS. The numeral 
D42 denotes the peak spectrum of the second preced- 
ing vehicle T2 detected in the direction of the beam di- 
rection CH4. The numeral D52 denotes the peak spec- 
trum of the second preceding vehicle T2 detected in the 
beam direction CHS. The numeral D62 denotes the 
peak spectrum of the second preceding vehicle T2 de- 
tected in the beam direction CH6. The numeral D72 de- 
notes the peak spectrum of the second preceding vehi- 
cle T2 detected in the beam direction CH7. 
[0026] Because the relative speed of the first preced- 
ing vehicle T1 with respect to the own vehicle TO is ap- 
proximately zero, the peak spectra U21 , U31 , U41 , U51 , 
D21, D31, D41, D51 detected in the beam directions 
CH2 through CHS are not influenced by any Doppler 
shift (Doppler frequency = 0) and the peak spectrum po- 
sitions (peak frequencies) detected on the rise side and 
the peak spectrum positions (peak frequencies) detect- 
ed on the fall side have substantially the same values. 
[0027] Because the second preceding vehicle T2 is 
traveling at a speed V2 which is considerably faster than 
the speed V0 of the vehicle TO, on the other hand (be- 
cause second preceding vehicle T2 is moving away 
from the own vehicle TO), the peak spectra U42, U52, 
U62, U72, D42, D52, D62 and D72 detected in the beam 
directions CH4 through CH7 are influenced by a Doppler 
shift. Consequently, on the rise side the peak frequen- 
cies are higherthan the frequency corresponding to the 
distance by the amount of the Doppler frequency corre- 
sponding to the relative speed, and on the fall side the 
peak frequencies are lower than the frequency corre- 
sponding to the distance by the amount of the Doppler 
frequency corresponding to the relative speed. 
[0028] In the beam direction CH2, since one peak 
spectrum U21 is detected on the rise side and one peak 
spectrum D21 is detected on the fall side, there is only 
one combination of a rise side peak frequency and a fall 
side peak frequency. And also in the beam direction 
CH6 and the beam direction CH7, since only one peak 
frequency is detected on each of the rise side and the 
fall side, there is only one combination of a rise side peak 
frequency and a fall side peak frequency. 
[0029] In the beam direction CH4 and the beam direc- 
tion CHS, on the other hand, because tv/o p ak frequen- 
cies are det cted on each of the ris side and the fall 



side, there are four possible combinations of a rise side 
peak frequency and a fall side peak frequency. Accord- 
ingly, calculation of distance and relative speed is car- 
ried out for all of the four combinations, from the four 
s calculation results the values most suitable as distances 
and relative speeds of vehicles are selected, and 
processing to adopt as valid combinations the combina- 
tions of a rise side peak frequency and a fall side peak 
frequency with which the most suitable distances and 
io relative speeds are obtained is carried out. 

[0030] Figs. 2A, 2B and 2C show an example of peak 
spectrum data obtained when there is a roadside object. 
[0031] Fig. 2 A shows a case wherein there is a con- 
tinuous roadside object such as for example a guard rail 
1$ on the left side of the traveling direction of the own ve- 
hicle TO. In this case, as shown in Fig. 2B and Fig. 2C, 
a plurality of peak spectra UGH through UG15, UG21 
through UG24, DG11 through DG15 and DG21 through 
DG24 corresponding to the roadside object arise. 
[0032] Although Fig. 2B and Fig. 2C show an example 
wherein the number of peaks pertaining to the roadside 
object detected on the rise side and the number of peaks 
pertaining to the roadside object detected on the fall side 
are the same, the numbers of peaks detected on the rise 
side and on the fall side sometimes differ. 
[0033] Because the roadside object is a stationary ob- 
ject and the own vehicle TO is traveling at the speed V0, 
the relative speed of the own vehicle TO with respect to 
the roadside object is the speed V0. Therefore, the peak 
frequencies corresponding to the roadside object are in- 
fluenced by a Doppler frequency corresponding to the 
speed V0. Consequently, the peak frequencies on the 
rise side are lower than the frequency corresponding to 
the distance by the amount of the Doppler frequency 
corresponding to the relative speed, and on the^fall side 
the peak frequencies are higher than the frequency cor- 
responding to the distance by the amount of the Doppler 
frequency corresponding to the relative speed (UG11 
through UG15; DG11 through DG15). 
[0034] - Fig. 3 is a block function diagram of a radar 
device according to the invention. This radar device 1 is 
made up of an FM-CW radar unit proper 2 and a radar 
signal processing p^rt 3. 

[0035] The radar signal processing part 3 is made up 
of a signal inputting part (A/D converting part) 11 , a fre- 
quency analyzing part (FFT part) 12, a peak -detecting 
part 1 3, a roadside object processing part 10, a distance 
and relative speed calculating part (pairing part) 14, a 
clustering part 1 5 and a targeting part 16. The radar sig- 
nal processing part 3 consists of the related art radar 
signal processing part shown in Fig. 9 with the addition 
of the roadside object processing part 10, and therefore 
the rest of its construction is the same as that of the re- 
lated art radar signal processing part shown in Fig. 9. 
[0036] The FM-CW radar unit proper 2 transmits, a 
modulat d wave whos frequency rises and falls peri- 
odically with a predetermined modulation amplitude and 
r ceives a reflected wav reflected by an object and out- 
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puts a beat signal pertaining to the difference in frequen- 
cy between the frequency of the transmitted wave and 
the frequency of the received wave. The FM-CW radar 
unit proper 2 is of a multiple beam type construction 
such that it detects objects in different directions either 
by emitting a plurality of beams in a number of directions 
simultaneously or by emitting a single beam while scan- 
ning it to a number of directions and receiving a received 
wave from each of the directions. In this invention, a 
method wherein a high-frequency transmitted beam is 
scanned continuously by mechanical means may alter- 
natively be employed. 

[0037] The signal inputting part (A/D converting part) 
1 1 A/D-converts the beat signal outputted from the mul- 
tiple beam FM-CW radar unit proper 2 and supplies a 
digital beat signal to the frequency analyzing part (FFT 
part) 12. 

[0038] The frequency analyzing part (FFT part) 12 
carries out frequency analysis (spectral analysis) of the 
digital beat signal by performing high-speed Fourier 
conversion processing on the digital beat signal, and 
outputs frequency analysis (spectral analysis) data. The 
frequency analyzing part (FFT part) 1 2 outputs frequen- 
cy analysis (spectral analysis) data in association with 
information indicating the beam direction CHn and 
whether rise side or fall side. 

[0039] The peak detecting part 13 detects peaks of 
the beat signal on the basis of the frequency analysis 
(spectral analysis) data. When there are a plurality of 
peaks, the peak detecting part 13 detects all of those 
peaks. This peak detecting part 1 3 outputs the frequen- 
cies (thepeak frequencies) and the levels (peak levels) 
of the detected peaks in association with each other. Al- 
so, the peak detecting part 1 3 outputs the peak frequen- 
cies and the peak levels in association with information 
indicating the beam direction CHn and whether rise side 
or fall side. 

[0040] The roadside object processing part 10 per- 
forms identification of roadside objects and removal of 
peaks pertaining to roadside objects for each beam di- 
rection CHn and for each of the rise side and the fall 
side. That is, the roadside object processing part 1 0 first 
carries out identification of roadside objects and remov- 
al of peaks pertaining to roadside objects on the basis 
of peak data (peak frequencies and peak levels) on the 
rise side in the beam direction CHI, then carries out 
identification of roadside objects and removal of peaks 
pertaining to roadside objects on the basis of peak data . 
(peak frequencies and peak levels) on the fall side in the 
beam direction CH1 , and then successively carries out 
identification of roadside objects and removal of peaks 
pertaining to roadside objects for each of the other beam 
directions CH2, CH3, ...CHn. 

[0041] The roadside object processing part 1 0 counts 
the number of peaks, (the peak count) detected on the 
rise side. When the peak count of the rise side is not 
more than a preset permissible peak count (for example 
three), it outputs the peak data directly and does not ex- 



ecute peak removal processing. When the peak count 
on either the rise side or the fall side exceeds the per- 
missible peak count (for example three), the roadside 
object processing part 10 infers that a roadside object 
5 (including structures of a median strip) has been detect- 
ed in that beam direction and carries out processing to 
detect the density of the peaks, which will be discussed 
next. 

[0042] The roadside object processing part 1 0 obtains 
io the frequency differences (gaps) between the peaks for 
the plurality of peaks detected on the rise side. The peak 
frequency differences between the peaks correspond to 
distance differences between the own vehicle and de- 
tected objects. The roadside object processing part 10 
*5 groups together peaks within a preset frequency differ- 
ence for roadside object identification (for example a fre- 
quency difference corresponding to a distance of 1 0 me- 
ters). That is, it groups together peaks between which 
the peak frequency gaps are small and whose density 
zo js thus high and identifies them as stationary objects. 
The roadside object processing part 1 0 identifies groups 
of grouped peaks as stationary objects such as roadside 
objects. 

[0043] In this kind of method of identifying roadside 

2S objects using peak density as a reference, when for ex- 
ample as in the case shown in Fig. 4A the relative speed 
of traveling vehicles (V1 , V0) with respect to a roadside 
object is large and the speed of a preceding vehicle (V1 ) 
relative to an own vehicle (V0) is small, the detected 

30 peak data is detected as shown in Fig. 4B. That is. even 
if spectrum data of the stationary object (roadside ob- 
ject) and the preceding vehicle ( V1 ) overlap, by calcu- 
lating the gaps between the peaks, i.e. the peak density, 
of each object, it is possible to group together high-den- 

35 sity peak groups and detect these as roadside objects 
and eliminate these roadside objects. 
[0044] To improve reliability, the roadside object 
processing part 10 checks that no peaks registered by 
an object other than a roadside object are included in 

40 the grouped peak groups. This check is carried out on 
the basis of peak data of an adjacent beam direction. 
Here, the adjacent beam direction is the beam direction 
which is adjacent on, the inner side. For example, when 
a peak group pertaining to a roadside object is detected 

45 jn the beam direction CHI shown in Fig. 2A, Fig. 2B and 
Fig. 2C, whether or not peaks pertaining to a vehicle or 
the like are included in that peak group is checked on 
the basis of the peak data of the beam direction CH2, 
which is on the inner side of the beam direction CH1 : 

50 And when for example a peak group pertaining to a me- 
dian strip is detected in the beam direction CHS, whether 
or not peaks pertaining to a vehicle or the like are in- 
cluded in that peak group is checked on the basis of the 
peak data of the beam direction CH4, which is on the 

55 inner side of the beam direction CHS. 

[0045] When in the peak data of the adjacent beam 
direction there is no data of a peak frequency the same 
as or approximately the same as a respective grouped 
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peak frequency, the roadside object processing part 10 
infers that the peak data of the grouped peak group is 
peak data of a roadside object and eliminates it. When 
in the peak data of the adjacent beam direction there is 
data of a peak frequency the same as or approximately 
the same as a respective grouped peak frequency and 
furthermore this peak frequency the same as or approx- 
imately the same as a respective grouped peak frequen- 
cy exists independently (exists beyond a peak frequen- 
cy difference for roadside object identification as data of 
a roadside object, for example a frequency difference 
corresponding to a distance of 10 meters), the roadside 
object processing part 10 determines that the peak data 
to which this peak frequency of the same frequency or 
approximately the same frequency in the adjacent beam 
direction corresponds is not a roadside object and ex- 
cludes it from grouping, and eliminates the peak data 
other than that as data of a roadside object. When in the 
peak data of the adjacent beam direction there is data 
of peak frequencies the same as or approximately the 
same as respective grouped peak frequencies but the 
peaks of the adjacent beam direction do not exist inde- 
pendently (in other words, when peaks pertaining to the 
roadside object are detected in the adjacent beam di- 
rection also), the roadside object processing part 10 
identifies the grouped peak group as a roadside object 
and eliminates its peak data. 

[0046] The roadside object processing part 10 re- 
moves the peak data identified as a roadside object and 
outputs the remaining peak data in association with in- 
formation indicating the beam direction CHn and wheth- 
er rise side or fall side. This roadside object processing 
part 10 constitutes a stationary object identifier and a 
stationary object eliminator, and a roadside object de- 
tector and a roadside object eliminator, referred to else- 
where in the invention. 

[0047] The roadside object processing part 1 0 may al- 
ternatively have a roadside object spectrum data storing 
part in which spectrum data having characteristics of 
roadside objects is prestored, a degree of correlation 
calculating part for obtaining degrees of correlation be- 
tween prestored spectrum data having characteristics 
of roadside objects and peak data supplied from the 
peak detecting part 13, and a roadside object eliminator 
for eliminating peak data pertaining to roadside objects 
actually detected on the basis of the degrees of corre- 
lation. 

[0048] Spectrum data obtained when typical roadside 
objects (for example, . guard rails, sound-insulating 
walls, wire netting, median strips and so on) are detect- 
ed by the FM-CW radar unit proper 2 are stored in the 
roadside object spectrum data storing part. The degree 
of correlation calculating part specifies a type of road- 
sid object by making corr la t ions b tween sp ctrum 
data pertaining to. different kinds of roads id object, 
stored in the roadside object spectrum data storing part 
and peak data supplied from the peak detecting part 1 3 
and obtains a degree of correlation between spectrum 



data pertaining to the specified roadside object and 
peak data supplied from the peak detecting part 1 3 The 
roadside object eliminator removes peak data pertain- 
ing to roadside objects from the peak data supplied from 
5 the peak detecting part 1 3 on the basis of the degree of 
correlation. 

[0049] The distance and relative speed calculating 
part (pairing part) 14 carries out combining (pairing) of 
a peak frequency detected on the rise side and a peak 
10 frequency detected on the fall side for each beam direc- 
tion on the basis of the peak data from which peak data 
pertaining to roadside objects has been removed by the 
roadside object processing part 1 0 and calculates a dis- 
tance to the object and its relative speed on the basis of 
is each of the paired peak frequencies. When multiple 
peaks are detected, the distance and relative speed cal- 
culating part (pairing part) 14 calculates a distance and 
a relative speed for each one of multiple combinations 
and determines a most suitable combination from the 
calculated distance and relative speed results. 
[0050] The clustering part 15 groups data (distances 
and relative speeds) from the same object on the basis 
of the distances and relative speeds detected for each 
beam direction. 

[0051] The targeting part 16 calculates a center posi- 
tion and a center bearing of each object on the basis of 
the peak levels detected for each beam direction and 
calculates the width of the object and outputs signals of 
the position (distance and bearing), relative speed, and 
width of each object. 

[0052] Figs. 5A through 5D are charts illustrating the 
operation of roadside object detection processing and 
roadside object elimination processing in the roadside 
object processing part. Fig. 5A shows a peak spectrum 
detected on the rise side in the beam direction CH1 . Fig. 
5B shows a peak spectrum detected on the rise side in 
the beam direction CH2. Fig. 5C shows a peak spectrum 
detected on the fall side in the beam direction CH1 . Fig. 
- 5D shows a peak spectrum detected on the fall side in 
the beam direction CH2. 

[0053] As shown in Fig. 5A, when five peaks have 
been detected (at peak frequencies fa, fb, fc, fd and fe) 
on the rise side in the beam direction CH1 and the dif- 
ferences between the peak frequencies are within the 
peak frequency difference for roadside object determi- 
nation (for example a frequency difference correspond- 
ing to a distance of 10 meters), the five peaks are 
grouped together as a roadside object. 
[0054] And when as shown in Fig, 5B no peaks at a 
peak frequency corresponding to any of the peak fre- 
quencies fa, fb, fc, fd and fe are detected in the spectrum 
of the rise side of the adjacent beam direction CH2, the 
peak data pertaining to the five peaks (the peak frequen- 
ci s fa, fb, fc, fd and fe) is eliminat d. 
{0Q55] As shown in Fig. 5C, wh rtfiv peaks (at peak 
frequencies f 1 , f2, f3, f4 and f5) have been detect d on 
the fall side in the beam direction CH1 and the differ- 
ences between the peak fr quencies ar within the peak 
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frequency difference for roadside object determination 
(for example a frequency difference corresponding to a 
distance of 10 meters), the five peaks are grouped to- 
gether as a roadside object. 

[0056] And when as shown in Fig. 5D no peaks at a s 
peak frequency corresponding to any of the peak fre- 
quencies f 1 through f5 are detected in the spectrum of 
the fall side in the adjacent beam direction CH2, the 
peak data pertaining to the five peaks (the peak frequen- 
cies f1 through f5) is eliminated. w 
[0057] Figs. 6A through 6C are further views illustrat- 
ing the operation of roadside object detection process- 
ing and roadside object elimination processing in the 
roadside object processing part. Fig. 6A shows a peak 
spectrum detected on the rise side in the beam direction is 
CHI. Fig. 6B shows a peak spectrum detected on the 
rise side in the beam direction CH2. Fig. 6C shows a 
peak spectrum detected on the rise side in the beam 
direction CH3. 

[0058] In Fig. 6A, six peaks have been detected. Of 20 
these, because a peak frequency f10 and a peak fre- 
quency fit are apart by more than the peak frequency 
difference for roadside object determination, the peak 
frequency f10 is left as an independent peak. The five 
peaks at peak frequencies f11 through f 15, on the other 25 
hand, because the differences between these peak fre- 
quencies are smaller than the peak frequency difference 
for roadside object determination, are grouped together 
as a roadside object. Peaks (f131, f141 and f 151 shown 
in Fig. 6B) having approximately the same peak fre- 30 
quencies as the peak frequencies f 1 3, f 1 4 and f 1 5 have 
been detected in the adjacent beam direction CH2, but 
because the peaks detected in the adjacent beam di- 
rection CH2 are also identified as a roadside object : the 
peak data (flVthrough f 15) grouped as a roadside ob- 35 
ject in the beam direction CH1 is eliminated. 
[0059] In Fig. 6B, because the differences between 
the peak frequencies of the peaks f131, f 141 , f 151 , 116 
and fl 7 are smaller than the peak frequency difference 
for roadside object determination, these peaks are *o 
grouped together as a roadside object; however, be- 
cause in the adjacent beam direction CH3 an independ- 
ent peak (the peak frequency f171 shown in Fig. 6C) 
has been detected and the peak frequency f 1 7 detected 
in the beam direction CH2 and the peak frequency 1171 45 
detected in the beam direction CH3 are approximately 
the same frequency, it is inferred that there is a possi- 
bility of the peak frequency f17 delected in the beam 
direction CH2 being a signal reflected from a preceding 
vehicle or the like and therefore it is left as an independ- 50 
ent peak. As a result, among the peaks detected in the 
beam direction CH2, the peak data of the peaks other 
than the peak frequency f 17, i.e. of the peaks f 1 31, f 141, 
f 1 51 and f 16, is eliminated. 

[0060] Figs : 7A through 7D and Figs. 8A through 8D ss 
show an example of detection of a preceding vehicle 
and a roadside object. Figs. 7A through 7D show a case 
wh rein roadside object detection processing and road- 



side object removal processing are not carried out, and 
Figs. 8A through 8D show a case wherein roadside ob- 
ject detection processing and roadside object removal 
processing have been carried out. Fig. 7A and Fig. 6A 
show a road environment of an own vehicle traveling 
behind one preceding vehicle on a bridge having guard 
rails on both sides of the roadway. Fig. 7B and Fig. 8B 
show peak data (peak frequencies) detected on the rise 
side in positions corresponding to the peak frequencies. 
Fig. 7C and Fig. 8C show peak data (peak frequencies) 
detected on the fall side in positions corresponding to 
the peak frequencies. Fig. 7D and Fig. 8D show posi- 
tions of objects calculated on the basis of results of pair- 
ing processing. In Fig. 7B through Fig. 7D and Fig. SB 
through Fig. 8D, the vertical axis shows in meters the 
distance from the own vehicle to the guard rails in Iront, 
and the horizontal axis shows in meters the spacing of 
the guard rails. 

[0061] When the own vehicle is traveling across a 
bridge having guard rails on both sides of the roadway, 
signals reflected by the guard rails are received by the 
radar device. Consequently, as shown in Fig. 7B and 
Fig. 7C, a peak data group GL pertaining to the left side 
guard rail and a peak data group GR pertaining to the 
right side guard rail are detected. The numeral S de- 
notes a peak data group pertaining to the preceding ve- 
hicle. The peak data pertaining to the left and right guard 
rails has numerous peaks, and often the numbers of 
peaks on the rise side and the fall side are different. Con- 
sequently, the pairing processing takes a long time. Al- 
so, wrong pairings are liable to arise. Asa result, it takes 
much time to obtain the calculation results shown in Fig. 
7D. By carrying out roadside object detection process- 
ing and roadside object removal processing, on the oth- 
er hand, as shown in Fig. 8B and Fig. 8C, it is possible 
to remove peak data pertaining to roadside objects and 
obtain only peak data pertaining to the preceding vehicle 
S. Thus it is possible for pairing processing and distance 
and relative speed calculation processing to be carried 
out in a short time. 

[0062] Although the invention has been described 
here using the example of millimeter wave band FM-C W 
radar, the invention can also be applied for example to 
laser radar, millimeter wave band pulse or Doppler ra- 
dar, or ultrasound radar. 

[0063] As described above in detail, because a radar 
device according to the invention is constructed to carry 
out processing (pairing processing) combining a beat 
frequency of a frequency rise period and a beat frequen- 
cy of a frequency fall period and calculate a distance 
and a relative speed after removing peak data pertaining 
to roadside objects on the basis of characteristics of 
peak spectra of roadside objects, the amount of 
processing required to pair rise side beat frequencies 
with. fall side beat frequencies can be reduced and the 
need to carry out distance and relative speed calcula- 
tions for roadside objects can be eliminated. Thus it is 
possible to improve processing efficiency and reduce 
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wrong pairings. 

[0064] A radar device for detecting distances and rel- 
ative speeds of obstructions such as preceding vehicles 
has a stationary object identifier for identifying station- 
ary objects such as roadside guard rails and the like and 
a stationary object eliminator for eliminating data iden- 
tified as pertaining to such stationary objects. The sta- 
tionary object identifier detects peak densities in a beat 
spectrum detected as a difference between transmitted 
and received frequencies of a radar beam modulated to 
rise and fall in frequency periodically and identifies peak 
groups having peak densities above a predetermined 
value as stationary objects. Therefore, it is possible to 
detect a stationary roadside object on the basis of peak 
densities. The stationary object eliminator eliminates 
data of peak groups identified as stationary objects by 
the stationary object identifier and thereby removes 
them as objects of combination processing for pairing 
rise side beat frequencies with fall side beat frequen- 
cies. As a result the amount of processing required for 
this pairing is reduced and the occurrence of wrong pair- 
ings is reduced and it is possible to eliminate the unnec- 
essary calculation of distances and relative speeds of 
roadside objects. 



Claims 

1 . A radar device for emitting light, ultrasound or radio 
waves toward an object and receiving a reflected 
signal from the object and detecting the position of 
the object on the basis of the received signal, com- 
prising: 

a stationary object identifier for detecting a 
density of peaks of the received signal and identi- 
fying a peak group having a peak density not less 
than a predetermined value as a stationary object. 



w 4. 



15 



a reflected wave reflected by an object and output- 
ting as a beat spectrum a difference between the 
frequency of the transmitted wave and the frequen- 
cy of the received wave, comprising: 

a roadside object detector for detecting a 
roadside object on the basis of a characteristic of a 
beat spectrum resulting from a reflected signal from 
the roadside object. 

The radar device of claim 3, further comprising: 

a roadside object eliminator for eliminating a 
beat spectrum pertaining to a roadside object de- 
tected by the roadside object detector. 



20 
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• A 
-I 



A radar device for transmitting a modulated wave 
whose frequency rises and falls periodically with a 
predetermined modulation amplitude and receiving 
a reflected wave reflected by an object and output- 
ting as a beat spectrum a difference between the 
frequency of the transmitted wave and the frequen- 
cy of the received wave, comprising: 



40 



45 



a stationary object identifier for detecting a den- 
sity of peaks of the beat spectrum and identify- 
ing a peak group having a peak density not less 
than a predetermined value as a stationary ob- 
ject; and 

a stationary object eliminator for eliminating da- 
ta of a peak group identified as a stationary ob- 
ject by the stationary object identifier. 

A radar device for transmitting a modulated wave 
whose frequency rises and falls periodically with a 
predetermined modulation amplitude and r ceh/ing 
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(54) Radar device 



(57) A radar device for defecting distances and rel- 
ative speeds of obstructions such as preceding vehicles 
has a stationary object identifier for identifying station- 
ary objects such as roadside guard rails and the like and 
a stationary object eliminator for eliminating data iden- 
tified as pertaining to such stationary objects. The sta- 
tionary object identifier detects peak densities in a beat 
spectrum detected as a difference between transmitted 
and received frequencies of a radar beam modulated to 
rise and fall in frequency periodically and identifies peak 
groups having peak densities above a predetermined 



value as stationary objects. Therefore, it is possible to 
detect a stationary roadside object on the basis of peak 
densities. The stationary object eliminator eliminates 
data of peak groups identified as stationary objects by 
the stationary object identifier and thereby removes 
them as objects of combination processing for pairing 
rise side beat frequencies with fall side beat frequen- 
cies. As a result the amount of processing required for 
this pairing is reduced and the occurrence of wrong pair- 
ings is reduced and it is possible to eliminate the unnec- 
. essary calculation of distances and relative speeds of 
roadside objects. 
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